Background: Single-stage reconstruction is used widely after mastectomy. Prepectoral implant placement is a relatively new technique. This multicentre audit examined surgical outcomes following prepectoral reconstruction using acellular dermal matrix (ADM).
Introduction
Women undergoing mastectomy for breast cancer or risk reduction should be offered an immediate breast reconstruction if deemed suitable 1 . The 2011 UK National Mastectomy and Breast Reconstruction Audit 2 showed that about 40 per cent of women diagnosed with preinvasive or invasive breast cancer undergo mastectomy. In addition, there is increasing demand from women requesting risk reduction surgery. The past decade has seen a steady rise in implant and expander-based immediate breast reconstruction, from about 30 per cent in 2007 to 54 per cent in 2013 3 . There has been a gradual shift from a two-stage approach to a single-stage direct-to-implant procedure, so that one-stage prosthetic reconstruction has become the standard technique of breast reconstruction in many centres 4 . Subpectoral implant placement has been the conventional method, with complete coverage of the implant using pectoralis major muscle above and acellular dermal matrix (ADM) in the lower and outer aspect. Complete implant coverage provides a larger pocket for implant placement and better control of the inframammary fold. However, animation deformity and postoperative pain related to detachment of pectoralis major muscle remain concerns 5 -8 . Prepectoral implant placement is a relatively new technique that avoids detachment of the pectoralis major muscle. The implant is placed in the prepectoral pocket created after skin-or nipple-sparing mastectomy, and is usually covered by a biological or synthetic mesh. The main advantages over the subpectoral technique are claimed to be avoidance of disruption of pectoralis major muscle, less postoperative pain, no animation deformity and less capsular contracture 5,9 -12 . Some evidence 11,13 -15 suggests comparable, or even superior, surgical, aesthetic and cost-effective outcomes for the prepectoral technique compared with subpectoral implant placement. The use of ADM for direct-to-implant prepectoral reconstructions has been described in a number of studies 16 -26 reporting short-and long-term outcomes. Braxon ® (MBP Biologics, Neustadt-Glewe, Germany; licence-holder DECO med, Marcon, Venezia, Italy) is a novel biological mesh used for prepectoral implant-based immediate breast reconstruction. It is a porcine dermis-derived ADM of 0⋅6 mm in thickness, available as a preshaped template to be wrapped around the implant ex vivo. It allows complete coverage of the implant in the prepectoral pocket created after skin-or nipple-sparing mastectomy. Two recent multicentre European studies 13, 18 reported acceptable operative outcomes, comparable to subpectoral reconstruction.
The present study reports on surgical outcomes from a multicentre audit conducted in the UK on prepectoral direct-to-implant reconstruction using ADM, and factors affecting complication rates and implant loss.
Methods
The audit was initiated in August 2017. All centres across the UK performing prepectoral breast reconstructions using Braxon ® ADM were invited to participate. Centres were requested to submit data on all consecutive patients undergoing skin-sparing, nipple-sparing or skin-reducing mastectomy with prepectoral implant-based reconstruction using Braxon ® from January 2015 to December 2017. A National Braxon Audit Study Group included all surgeons who contributed data. Association of Breast Surgery (ABS) and British Association of Plastic, Reconstructive and Aesthetic Surgeons (BAPRAS) guidelines 1 were followed by participating centres for patient selection for prepectoral reconstruction. All patients operated on in the given period who had a minimum follow-up of 3 months were included. Patients who had a reconstruction using subpectoral implant placement or tissue expanders were excluded. Centres that could not submit data for patients treated before March 2018 were excluded.
Data were collected on patient demographics, treatment details, tumour characteristics and postoperative outcomes for a minimum of 90 days after surgery. Implant losses occurring after 90 days were recorded. Centres used intraoperative and postoperative antibiotics according to local protocols. Operative technique of skin-or nipple-sparing mastectomy, perioperative management and drain insertion at the surgical site reflected institutional protocols or surgeon preference. Outcomes studied were unplanned readmissions, return to theatre, postoperative complications and rate of implant loss. Specific complications recorded were seroma, skin redness or red breast syndrome, skin necrosis, infection, wound dehiscence, postoperative haematoma and capsular contracture. Redness of the wound or breast with no documented evidence of infection was classified as redness or red breast syndrome. Redness accompanied by any systemic sign of infection, positive bacteriology culture from the surgical site or blood, or a diagnosis of infection according to the treating surgeon's decision was classified as wound infection. Complications were categorized as major or minor based on the Clavien-Dindo grading system 27 . All complications of grade III or higher were categorized as major complications. Operative intervention with removal of implant was considered as implant loss. Return to theatre with exchange of implant to another implant or an expander was not considered as implant loss, but as a major complication. Implant loss or complications occurring up to 90 days after surgery were categorized as early implant loss or complications respectively. Implant loss recorded after 90 days of reconstruction was considered as delayed implant loss. Age, BMI, smoking status, diabetes, vascular disease, laterality of surgery, previous ipsilateral breast surgery or radiotherapy, indication for surgery (invasive versus in situ carcinoma, or risk reduction), type of mastectomy, axillary clearance, breast volume, implant volume, and neoadjuvant and adjuvant chemotherapy were the factors studied for their impact on major complications and implant loss rates. Adjuvant radiotherapy was not considered for its impact on early complications or implant loss as it was administered after completion of adjuvant chemotherapy, more than 90 days after the primary operation.
Statistical analysis
Data are presented as mean(s.d.) or median (range) values, or as numbers of patients or procedures with percentages as appropriate. The χ 2 test was used for univariable analysis to calculate significance of contributing factors. P < 0⋅050 was taken as significant. Factors found to be significant in univariable analysis were included in the multivariable model, and statistical significance was determined by logistic regression. IBM SPSS ® 24.0 (IBM, Armonk, New York, USA) was used for statistical calculations and analysis.
Results
A total of 324 women underwent 406 reconstructions across 18 centres in the UK (Table S1 , supporting information). Patient characteristics and treatment details are shown in Table 1 . Their median age was 49 years and median BMI was 25 kg/m 2 . Bilateral procedures were performed in 82 women. Half of the procedures were performed for invasive cancer, the rest for preinvasive cancer or risk reduction. Apart from two women who had a secondary reconstruction, all patients had immediate prepectoral breast reconstruction following mastectomy (Fig. 1) .
The median duration of hospital stay was 1 day. Median duration of follow-up for the cohort was 9⋅7 (range 3-35; mean 11) months; 168 women were followed for more than 12 months. Of the 406 procedures, 116 resulted in complications, an overall complication rate of 28⋅6 per cent ( Table 2) : 62 major (15⋅3 per cent) and 54 minor (13⋅3 per cent) complications. For management of complications, 51 women (15⋅7 per cent of the cohort) needed an unplanned readmission and 54 (16⋅7 per cent) had a surgical exploration within 90 days of the primary operation. Of these, 44 women (13⋅6 per cent of the cohort) had a surgical exploration for implant-related complications. Some 26 implants were removed, giving an overall implant loss rate of 6⋅4 per cent. Of these, 20 implants were removed within 90 days of the primary surgery (Table S2 , supporting information), with an implant loss rate at this time of 4⋅9 per cent. Six women had a delayed implant loss, more than 3 months after the reconstruction. No patient with delayed implant loss had received adjuvant radiotherapy. Of the factors studied to determine any association with early major complications or implant loss, major complications were significantly higher in univariable analysis in patients with a high BMI (P = 0⋅002), greater excised breast volume (P = 0⋅001), larger implant size (P = 0⋅005) and axillary nodal clearance (P = 0⋅002). Similarly, patients with a higher BMI (P = 0⋅009), greater excised breast volume (P = 0⋅017) and larger implant size (P = 0⋅004) had a significantly higher implant loss. None of the factors had a significant impact on major complications or implant loss in multivariable analysis ( Table 3 ).
Discussion
The introduction of ADM in implant-based reconstruction has made prepectoral implant placement and complete implant coverage possible, with excellent surgical and aesthetic outcomes. This multicentre audit has demonstrated good short-and long-term surgical outcomes, with an implant loss rate of 6⋅4 per cent after 9 months, a 90-day major complication rate of 15⋅3 per cent and implant-related return-to-theatre rate of 13⋅6 per cent, with a resultant 90-day implant loss rate of only 4⋅9 per cent.
Braxon ® is the only ADM currently available as a preshaped template that allows complete implant coverage ex vivo, facilitating direct-to-implant reconstruction of implant sizes of up to 520 ml. Other case series using this product indicated satisfactory short-term clinical and aesthetic outcomes. The implant loss rate was 12 per cent with a seroma rate of 8 per cent, using a previously manufactured thicker (0⋅9 mm) version 16 . A long-term outcome study 17 of ten patients, with a median follow-up of 49⋅2 months, reported no capsular contracture rates and minimal implant rippling in two patients. A study 21 that included 51 reconstructions found skin necrosis, seroma and implant loss rates of 4 per cent each. Two multicentre studies 18, 20 have reported on short-term outcomes of prepectoral reconstruction using prepectoral implant and ADM. The first 18 reported on 100 reconstructions across nine centres in Europe with an implant loss rate of 2 per cent and a perioperative complication rate of 11 per cent. The other study 20 included 78 reconstructions reported from three centres in the UK; the implant loss rate was 10⋅2 per cent and the complication rate about 20 per cent. These results were comparable to national data on implant-based reconstructions in the UK 2, 28, 29 .
Information on outcomes from other ADMs and synthetic meshes for prepectoral implant-based immediate breast reconstruction is limited 22, 23, 25, 26 . A recent study 26 included 166 reconstructions of which three-quarters had complete implant coverage using one or two sheets of ADM, whereas others had a dermal sling partially covering the implant. About one-third of the patients had a subpectoral to prepectoral conversion, about 9 per cent had an expander placement, and around 70 per cent had risk-reducing surgery, compared with approximately 25 per cent in the present audit. The overall complication rate was 11⋅5 per cent and implant loss rate 3 per cent.
There have been two national audits from the UK describing breast reconstruction outcomes 2,28 . The first audit 2 covered breast reconstructions performed from January 2008 to March 2009 with an implant-based reconstruction cohort of more than 3000 patients. The overall complication rate in this group was 14⋅7 per cent, with a return-to-theatre rate of 4⋅6 per cent and an implant loss rate of 9 per cent, although all were placed in a subpectoral position 2 . The more recent implant-based breast reconstruction evaluation (iBRA) study 28 included 2108 patients operated on for implant-based reconstruction between February 2014 and June 2016, but only 42 (2⋅0 per cent) who had a prepectoral reconstruction. Overall readmission and return-to-theatre rates were about 18 per cent, and the 3-month implant loss rate was 9 per cent. Outcomes in the prepectoral subgroup were analysed separately and considered comparable to the overall results 28 . The 90-day implant loss rate in the present study was only 4⋅9 per cent, with an infection rate of 3⋅2 per cent, both of which are considerably lower than results reported in the national audits ( Table 4) .
Selection criteria and surgical procedures were based on ABS and BAPRAS guidelines 1 . In the selected cohort, 42 women had a BMI above 30 kg/m 2 and were counselled regarding an increased risk of complications. Patients with a higher BMI, greater excision volume and larger implant size did have significantly higher complication rates and implant loss in univariable analysis, although no factor remained significant in multivariable analysis.
This study has limitations. It is a retrospective multicentre study and will have the disadvantages of a retrospective analysis 30 . There is likely to have been variation in patient selection, surgical techniques and perioperative management among the participating centres. Aesthetic and patient-reported outcomes were not reported. Postoperative pain scores were available for only a minority of patients and could not be included as an outcome measure. The median duration of follow-up of 9⋅7 months was relatively short, and there have been reports 31,32 of higher complication rates and implant losses with longer follow-up intervals in patients with subpectoral reconstructions. In this series, only six implants needed removal beyond 90 days of follow-up, but much longer follow-up is necessary to identify late outcomes, particularly in women receiving adjuvant radiotherapy.
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